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(54) Title: AUTOINJECTOR 



(57) Abstract 

An autoinjector for replaceable containers of syringe type, comprising a barrel of axially roughly constant cross-section, a front 
opening with or for an injection needle and at least one movable rear piston, optionally weith a plunger connected thereto, inserted in the 
barrel for the displacement of a container content, the autoinjector comprising: a) a housing, b) a container carrier, arranged for reception 
of the container and arranged movably in relation to the housing in container axial direction between a rear, needle-covering, position and 
a forward, needle-exposing, position, c) an autopenetration mechanism, comprising at least a penetration head and a penetration drive, the 
penetration head being arranged for movement of the barrel or carrier in the forward direction and the penetration drive being operable to 
apply force between the housing and the penetration head, d) an autoinjection mechanism, comprising at least an injection head and an 
injection drive, the injection head being arranged for movement of the piston or plunger in the forward direction and the injection drive 
being operable to apply force between the housing or the carrier and the injection head, e) optionally an autoreturn mechanism operable 
to apply force between the housing and the barrel or carrier for movement thereof in the rearward direction and f) a control system for 
sequencing the operation of at least the autopenetration and autoinjection mechanisms, at least comprising a releasable penetration lock for 
the autopenetration mechanism and a releasable injection lock for the autoinjection mechanism. The carrier is designed to accomodate either 
of at least two containers of different length and/or width and at least one damper arranged for energy absorption from the autopenetration 
and/or autoinjection movement. 
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AUTOINJECTOR 


Technical field 

5 An autoinjector for replaceable containers of syringe type, comprising a barrel of axi- 

ally roughly constant cross-section, a front opening with or for an injection needle and at least 
one movable rear piston, optionally with a plunger connected thereto, inserted in the barrel for 
the displacement of a container content, the autoinjector comprising a) a housing, b) a con- 
tainer carrier, arranged for reception of the container and arranged movably in relation to the 

1 0 housing in container axial direction between a rear, needle-covering, position and a forward, 
needle-exposing, position, c) an autopenetration mechanism, comprising at least a penetration 
head and a penetration drive, the penetration head being arranged for movement of the barrel 
or carrier in the forward direction and the penetration drive being operable to apply force be- 
tween the housing and the penetration head, d) an autoinjection mechanism, comprising at 

1 5 least an injection head and an injection drive, the injection head being arranged for movement 
of the piston or plunger in the forward direction and the injection drive being operable to ap- 
ply force between the housing or the carrier and the injection head, e) optionally an autoreturn 
mechanism operable to apply force between the housing and the barrel or carrier for move- 
ment thereof in the rearward direction and f) a control system for sequencing the operation of 

20 at least the autopenetration and autoinjection mechanisms, at least comprising a releasable 
penetration lock for the autopenetration mechanism and a releasable injection lock for the 
autoinjection mechanism. 

Background 

Autoinjectors are designed to facilitate injection procedures over those required by 
25 manual use of common syringes and to secure a proper injection result highly independent of 
operational circumstances. Autoinjectors are typically used in non-hospital environments, 
sometimes in emergency situations, and by non-professionals like unskilled assistants or the 
patients themselves, which operator groups may include sick, disabled, elderly and child per- 
sons. The autoinjectors provide at least an automatic injection step in which stored energy, for 
30 example from a compressed spring, is released by a trigger to act on a syringe piston or 
plunger for expulsion of syringe content. Frequently the autoinjectors also provide an auto- 
matic penetration step in which stored energy is used for propulsion of the syringe from a rear 


2 

position, in which the needle is hidden, to a front position, in which the needle is at least par- 
tially exposed, to thereby relieve the patient from the, sometimes fearful, task of inserting the 
needle through the skin and to secure an always appropriate penetration depth once the auto- 
injector front has been placed against the skin. Autopenetration and automjection may take 
5 place concurrently, e.g. in simple devices or for the intentional purpose of allowing for an 
over depth distributed injection. Normally it is desirable to limit injection until the needle has 
reached or is close to its target location. Still some known injectors try to obtain this feat with 
a single force system acting on syringe piston or plunger for both purposes, relying for se- 
quencing on the normally lower needle penetration resistance than fluid ejection flow resis- 
1 0 tance. Yet impact, propulsion inertia and friction cannot prevent at least some leakage during 
penetration but above all, in case the penetration movement is prevented or jams, injection 
will entirely fail with preparation expelled on the skin or at improper depth. Hence more ad- 
vanced injectors applies penetration force directly or indirectly on the syringe barrel, with 
single or dual drive systems, which requires some control mechanism disabling injection force 
1 5 application during most of the penetration phase and enabling injection force only after proper 
penetration. Autoinjectors may also provide an automatic needle retraction step in which 
stored energy, typically stored during the penetration movement in a weaker return counter- 
spring, acts to push the syringe back into the autoinjector after completed injection in order to 
relieve the user from the task and risk of withdrawal, to verify sequence completion to the 
20 user and to prevent inadvertent needle pricks after use. Again, this function may need a con- 
trol mechanism enabling action of the return spring only after completed injection, normally 
accomplished by separation of the penetration and injection forces from the syringe at a cer- 
tain forward extreme for the piston or plunger, freeing the return spring for action. 

Most known autoinjectors are designed for use with a single syringe type or even a 
25 single specialized and adapted syringe type container in order to meet the various tolerance in 
dimensions, sizes and forces involved and these requirements become more pronounced when 
more of the advanced features outlined above are included in the injector. Yet there is a need 
for autoinjectors able to operate with a variety of syringe sizes, filling degrees, preparation 
viscosities, aging properties, temperature conditions, needles and flow characteristics. A 
30 manufacturer of a broad range of preparations may need a device useful for many container 
types and doses. Low cost preparations in particular cannot support development of a unique 
device or syringe container of its own and furthermore may require use of cheap standardized 
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syringe types on the market with a selected minimum size for each dose. Patients on prescrip- 
tion of several pharmaceuticals may benefit from replacement of several devices for a single 
universal one. Manufacturers of injectors may find a broader market for their autoinjectors if 
compatible with container variations. 
5 The above objects meet with numerous problems. Variations in size first require a sy- 

ringe seat or carrier, not only able to accommodate and guide the various container move- 
ments with small lateral deviations, but also to secure appropriate start and end positions with 
respect to both the injector front and the injector mechanism. Variations in length or filling 
degree means differences in start positions for penetration and injection, either requiring a 
10 complicated device with adaptable start positions or long worst case dead runs for the mecha- 
nism, creating strong and potentially destructive impact forces or painful injection rates. The 
force requirements are highly variable. Variations in diameter, for example, means variations 
in injection force due to differences in piston cross-section surface, even at similar hydraulic 
flow pressures, as well as differences in piston to wall friction. Further broadening in force 
1 5 requirements is caused by differences in flow characteristics, such as resistance and obstruc- 
tions in syringe opening, needle lengths or diameters as well as receiving tissue, and by differ- 
ences in piston to wall friction, even at constant diameter, due to manufacturing tolerances 
and aging, typically resulting in increased friction due to an ongoing depletion of lubricant in 
the piston to wall contact surface. It is also well known that the first piston displacement re- 
20 quires a much higher "break-loose" force than continued motion. An again increased force 
may be desirable at the piston bottoming out to fully squeeze out container content, of special 
value at precise dosing or for expensive preparations. If the automjector drive systems are 
proportioned for the highest force required by all the abovesaid factors combined, they tend to 
be excessively strong for less demanding combinations, besides becoming generally bulky 
25 and ungainly. Applied in the penetration step the forces may damage or destroy smaller or 
weaker glass containers and counteract a safe penetration due to vibrations, shaking, recoil 
and rebound effects. Applied to the injection step extreme pressures may damage the con- 
tainer itself, deform the piston or blow away front sealing or attachments and most probably 
cause pain and bruises in the receiving tissue. As indicated above all these problems are exag- 
30 gerated if the high forces are combined with inertia effects from substantial mechanism dead 
run. If, on the other hand, the autoinjector is provided with means for adjusting the force to 
the requirements of each container type, these problems can be reduced but instead a more 
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complicated device results and an additional tuning step is expected of the nset, defeating the 
basic simplicity, safety and rapidity reasons fot using autoinjectors. Finally, a variety of con- 
tainer types sizes and tolerances place severe demands on the control mechanism for se- 
quencing the autoinjeetor phases, as the containers may require different locahons and condi- 
5 tio ns for shift between enabled and disabled states. 

Existing prior art does not seem to g.ve much guidance to the resolution of the above- 
said problems. Infus.on pumps, typically for slow speed administration in hospital settings, 
explicitly usable for syringes of different sizes are known, as exemplified by US 4,652,260, 
US 4 838 857 US 4,976,696, US 5,034,004 and US 5,545,140, all relating to injectton by 
,0 electric motor means where speed can easily be controlled. Similar infusion pumps using me- 
chanical drive means under hydraulic speed control are known from US 3,474,787, US 
3 605 745 US 4,430,079, US 4,437,859, WO 88/10129 and GB 1,026,593 or under mechani- 
cal speed control from US 3,279,653 and US 3,886,938, although these references do not sug- 
gest any adaptations for syringes of varying size. Common to all infusron pnmp systems is 
, 5 that no penetration step is involved, and still less an autopenetration step, or any needle return 
step Accordingly they provide no solutions in this regard or in connection with sequencing 
such steps. Nor are any solutions to be found in respect of the abovesaid force problems, due 
,„ the slow speeds and flow pressures involved and due to the common practice of mutating 
the infusion procedure by manually or automatically placing driver heads cautiously agatnst 
20 the syringe plunger. Any overpressure artses so slowly that the infusion procedure easily can 
be halted, automatically or manually after delivery of an alarm signal. 

Some autoinjeetor proposals try to cope with excessive forces by including mecham- 
cal dampers in the form of impact retarding springs, elastic gaskets etc., as exemplified by 
WO 94/13342 WO 95/04562 and DE 3,914,81 8. These proposals are not made for the pur- 
25 pose of allowing syringe variations and are entirely unsatisfactory and insufficient for the 
dramatically broadened force requirements in these connections. Also the ether problems de- 

scribed are left unsolved. 

The WO 95/3 1235 reference discloses an autoinjeetor which can be used with syringe 
subassemblies of different sizes and of standard type, having plunger shafts. However, no 
30 solution of general nature is given. For each type an adapted medical module has to be pro- 
vided and the problem of allowing for different sized syringes in a common earner is not ad- 
dressed and expulsion of different doses require special stop surface arrangements in the 
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nl odules. Further, no solution is g.ven for such arrangements in connection with autopenetra- 
Uon force appl.ed .0 .he syringe barrei rather than its shaft or for automatic needle return. The 
arrangements desenbed are unable to handle problems with high and varying injec.ion forces. 
Accordingly there remains a need for autoinjee.or designs better adapted for nse wfth 
5 great variations in syringe size and type and with .mproved capabilities for handling the 
problems outlined. 

The inventi on generally 
A main object of the present invent.on is to provide an antoinjeetor avoiding or ame- 
ftorating the above described problems. A more specific object is to provrde an automjector 
,„ adapted for use with contamer variations as outlined. Another object is to provide an autom- 
jector able to perform tts funcfions within a broad range of injection force requirements. A 
further object is to provrde such an antoinjeetor wrth controlled injection speed. Another ob- 
ject is to offer an antoinjeetor able to secure complete emptyng of containers. Stili anoftrer 

object is to provide such automjectors highly compatrble with autopenetrafion and autoretum 
,5 functions. Yet another object is tooffer an antoinjeetor compatible with au top enetration forces 
applied to container barrel rather than fts ptston. A further object is to provide an automjector 
1 to sequence the operatton phases with a common control mechanism. Sfil. anofiter object 
is to offer such autoinjeetors requiring no more user actions on the device than chargmg, 

cocking and triggering. 

These objects are reached with the characteristics set forth in the appended patent 


20 

claims. 


By including in the automjector a container carrier designed to accommodate confiun- 
ersofdifferentwtdthsand/orlengthsthedeviceisusahleforabroadrangeofcontatners 

without need for exchange assertions or other adaptive acfions from the user. Variations 
25 .engthalsoaceounPsforvariationsinfi.Ungdegree.especia.lyinconnecfionwrthsyrrnge.ype 

designed to localize containers in the device housing with an for all containers common tmfial 
p „s,ti„„ of the contamer fronts relative the housing, a weft-defined penetration acfion.s 
achieved with a common penetrafion strohe length, agatn without any adaptive measure re- 
,„ q uired from the user, and facftitate autopenetrafion and autoretum feature in the dev.ee. In 
spite of any container rear end positioning variations, common penetration and mjectmn 
mechanisms can he used, even with standard start pos.tions, due ,0 the presence of a damper, 
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in lhe sense of the invention to be further explained. The damper aets to ahsotb otherw.se de- 
snuctive energy and serves to ai.ow a hroad force repertoire for the device, ye, may he de- 
signed fo, con.roi.ed and nn.fied del.very rates. The uexibility prov.ded makes these features 
highly compatibie with a,, basic autoinjecto, des.gns ment.oned in .he rn.rodac.ion overv.ew 
5 and in particular force appl.ca.ion .0 sensitive container barrels in a penetration step ,s al- 
lowed. Sconcing of autopenetrat.on and antoimect.on steps is facilitated by common star, 
positions made possible and release of an autoreturn s,ep is facilitate^ a common ptston 
end point, as described, or by nt.liza.ion of a force, rather than location, dependent release 
condition, made poss.ble by the charactertstics of damped drives. 
10 Farther objects and advantages of.be invention will be ev.den, from the deta.led de- 

scription hereinbelow. 

retailed description 

, n ,he absence of explicit statements ,0 the contrary, as nsed herein expressions like 

■comprising", ".nclnding", "having", - — — ' *« "* * 
,5 .0 be excUtsively restricted recited elemcntbnt shall he understood ,0 allow for tire p K sence 
of further elements as well and shall he understood to cover any element in integral, subd, 
vided or aggregate forms. Stmilarly, expressions like "connected", "attached", "arranged 
"applied"" between" and similar terminology shall no. be understood to cover exclustvely 
dl ree, contact bc.weentitereci.ed dements bu. shall be understood toallowfor the presence 

20 of one or several tntervening elements or structures. The same applies for similar expresstons 
when used for description of forces and actions. 

The containers usable in the present auto.njec.or shall be understood m broad terms 
and can generally be said .0 include a barrel havmg a fron, part andarear part defmingagen- 
eral axis, an outlet for the preparation, typ.cally comprising a licmid in broad sense, arranged 
25 at,be fr on.partanda«.eastonem„vab.ewallarrangeda,,hemarpart,ad,sp.acementof 
which wallcauses the preparation ,0 be moved towards or expelled .hroughthe outlet. Posi- 
tional and directional s«a.eme„,s for both the container and the auttinjector, such as "ax.al , 
"front" and "rear", shall be understood with reference .„ .he abovesaid parts of .he contatner. 
Barrel shape and movable wal, have .0 be mutually adapted. The barrel may have a substan 
30 tially constant internal cross-section, with a similarly cons.au. barrel axis, between front an 
rear parts giving a generally tube-shaped barrel, and most preferably the cross-see.ton ,s of the 
common circular type g.v.ug a subsiantially cylindrical barrel. The movable wall is .hen pref- 
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erably a subs.an.ially shape-permtment, although possibly elastic, body sealingly adapted to 
the ,„,erna. barrel surface and preferab,, of the prstou type. At the front eud of the barret a 
„eed.e canuula or a similar peue.ra.ion device is arranged and .he invention is preferably used 
WW, containers wherein .he needle axts is s„bs,a„t,a„y paralle, with barrel ax.s, and utos, 
5 preferably concentrtc therewith, resulting iu that the penetration and the tnjectiou movents 
are substarttialiy paraUel. Within these limits and preferences a broad range of confers can 
be used with .he present automjector device, such as antpoules, cartridges, carpou.cs and sy- 
nnB es The coutaiuer need no, have a separate plunger, in which case the autoinjeetor mecha- 
nise can ac. nrore or less directly on the container piston, although it is often preferred that 
, „ ,he container has a plunger, in the sense of a par. protrudtng from barrel rear end, on whrch 
.be automation mechanism can act for movement of the piston, since many standardtzed 
devices are so designed and wh.ch facilitates mechamsm access. The autoinjeetor can w,«h 
preference be used with standard container types, e.g. as defined in DIN and .SO standards 
and exemplified with "Hypak" type syringes. Also usable are dual or multi chamber confer 
,5 t y P es,k„owne.g.forpreparat,onsdemandin g amixingof.woormorecomponen.sorprecur. 

s „rs before admtnistration. The components are Kept separated by one or more intennedtate 
walls of differen. know, designs, which walls divide the barrel in.o several chambers, some- 
times placed paralle. along carhidge axis bu. most commonly in sacked relationship along 
,he axis Unification of the components may take p.ace by breaking, pene.ra.ing or opentng a 
2 „ valve construction in the intermediate walls, .n another known design the intermediate wal or 
walls are of the plunger type and flow communication between the chambers is accomphshed 
bymovngflteptangertoaby-passsectionwheretheinteriorwallhasoneorseveralen- 

.arged sections or repeated circumferential grooves and lands in a manner allowing by-flow of 
rear chamber content in.ofro„. chamber a. displaeemen.of.he rear movable wall. The eham- 

25 bers may con.ain gas, liquid or solids. Generally a. leas, one liquid is present. Most com- 
monly in pharmaceutical applications only two chambers are present and typically contams 
one liquid tend one solid, the latter being dissolved and reconstituted during the mixmg opera- 
fion. For these types of contamers it is preferred tha, the mtxing or reconstitute step has al- 
ready taken place when the container is placed in the autoinjeetor. 

The autoinjeetor device comprises a housing, which shall be understood in broad 
sense and basically as a poin. of reference for posi.ional and d.rec,i„„al statements for other 
parts and components. 1. is preferred, however, tha, the housing also actually enclose a, leas. 


rea( 
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the mechanisms of .he devtcc and leave exposed mainly the parts that should be accessibie .0 
the user, such as arming, triggering and cocking conrrols. The container ean be aUaebed to the 

a,so confutes the eontainer, preferably also the „eed,e until penetrattou ,s initiated. Replace- 
5 nrent of eontatners may be faeilitated by any known separation or openable arrangement, e.g. 
threaded or htnged parts, although a preferred and convenient arrangement is to 
openable e.osure on the side of the au.omjector front par,, allowing lateral insertion of the 
eartridge by a roughly radial movement in relation to eontainer axts. 

The autoinjec.or further comprtses a container earner, having the dual purpose of re- 
,0 . eeiving and holding one various eontatuers in defined relauonship to the housing and mecha- 
nisms and being axially movable in relafion to the housmg, for penetration purposes, between 
. rear positton and a front position, movement between which poshtons ts used for penetra- 
tion The distance traveled between the positions shou.d correspond a, least to the destred 
penetration depth and, when the needle is hidden within the housing before the penetratton 
, 5 step, the distance needed for interna, trave, to expose the needle tip. The carrier should be able 
,„ accommodate at .east two and preferabiy severa, contauter types of different wtdth and/or 
length, preferably also differences in other respects earlier mentioned, i.e. the carrier should 
have features allowing reusable fixation and axia, displacement thereof without indtv, ual 
inserts or other auxt.iary devices. Thts can be accotnphshed by use of a, leas, one flextble or 
20 spring biased member arranged to press the container radially agauts. at leas, one ng.d sur- 
fL preferably in the from of a trough afiowing acceptance of differeut widths, e.g.byhavtng 
an axially eoustan, V-shaped profile, it is aiso preferred tha, the container is axially fixed -n 
the carrier, a, least against forward movements, e.g. by use of a stop surface, and preferably so 
that aU container types are similarly held, for example behind container rear end fingergrtps 
25 but preferably in front of barrel front end, giving the advantages outbned. 

The autoinjeetor shall contain at least an autopenetratton mechanism and an autom- 
aton mechanism and preferab.y also contains an autoreturn mechanism to be further de- 
scribed below. The mechanisms may be of any known types mentioned in the introduce 
hut for reasons given, is preferably of the type applytng penetratton force to the barrel or the 
30 contamercarrier.rather than the piston or plunger. The automation mechanism comprtses a, 
,eas, a penetration head, arranged for contact with the barrel or carrierinthe penetratton step 
and possibly also matntained nude, the injection step, and a penetratton drive able to apply 
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force between tine housing and the penetration head. The penetration head can be a larger 
structure or aggregate accesstble for the autoiujeehon mechanism or control system. S,m a r y 


structure 01 a^&^B u ^ , . ... „, 

to autolntetton mechanism comprises a, leas, an injection head, arranged tor contact w,th the 

5 between the housing and the injection head, between the penetration head and the ir,ec„o„ 
bead or between the carrier and fine injection bead. The distinction heretn between the pene- 
.ration bead and the injection head shall not exclude the use of a common bead acting as oth 
penetration head and injection bead, in which case the cotntuon head should firs, act on the 
barrel or carrier and ,hen on the p.ston or plunger. It is preferred, however, to use a, leas, par- 
, „ fiafiy different head structures, among others facilitating adaptations for their respective pur- 
poses and their proper portioning for all container variations. A common drive can be use 
for the single or dual head alternatives, which ts possible according ,0 the mvention and wh, 
g ,ves the simpiest devtce construction, it is preferred to use different drives, though, m winch 
case the penetration drive is preferably made substantially weaker than the injection dTtve, as 
, 5 penetration normally give little resistance, which makes it possible to avoid the initial y men- 
tioned vibration and rebound effects during the relatively large penetration stroke whtle 
maintaining a strong injection drive. 

A control mechanism for seuuencmg the penetration and injection steps may compnse 
a releasable penetration lock arranged for holding the penetration head relative the houstng 
2 „ audareleasableinjection.ock for holding the injection head either relative the houstng whtch 
u„„ws for entirely independent injection start, or preferably relative the penetration head or 
carrier, which allows for an aggregate of parts, tneluding the injection head and preferably 

the latter and adapting it to the container rear end sensed b, the penetration head. The lock 
25 are arranged to hold the heads in predetermined rear cocked posttions, to which posthons tt 

is preferred that in fine cocked positrons there tsaspaee between the penetration head aud the 
barrel or earner and a space between the injection head and the piston or plunger respecuvely 
thereby allowing for containers of different lengths or filling degrees. When the injection bead 
is locked reiative the penetration head ,t is similarly preferred tha, a space remams between 
the injection head and fine piston or plunger after the penetrntton stroke and before tnjectton. 
The control systetn preferably also includes an eternally accessible manual trigger arrange- 
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ment at least acting to release the penetration lock. Release of the injection lock can take place 
simultaneously with the penetration lock, especially if the injection stroke is delayed by speed 
controlled to be explained, but it is safer and preferred to make the release at or close to the 
end of the penetration stroke, either by using the increased force sensed by the penetration 
5 head at the end of the penetration stroke, which gives the most adapted release for any con- 
tainer or a specific point at the housing, which gives the overall Simplest solution. When the 
releasee injection lock is connected, directly or indirectly, between the injection head and 
the penetration head or carrier as said, this can be implemented by inclusion of a structure on 
the housing releasing the injection lock at a predetermined axial injection enabling position 
,0 for the penetration. This is possible both if separate drives are used for penetration and injec- 
tion and if single drive is used if the single drive acts on the injection head. 

As indicated it is preferred that the autoinjector also includes an autoreturn mechanism 
including a return drive arrange to apply force between the housing and the container barrel or 
carrier for movement in the rearward direction. This can be done, in a manner known per se, 
1 5 by allowing the return drive force to give a constant bias rearwardly, such as by a counter- 
spring, and using a return drive force weaker than the force provided by the penetration force. 
The control system may then comprise an autoreturn enabling mechanism disengaging the 
container and carrier from the autoinjection force and the autopenetration force, thereby free- 
ing the container for rearward motion. The penetration and injection mechanisms should allow 
20 for unobstructed return, e.g. by being laterally displaced or by having cavities for reception of 
the container rear parts. For simplest design the autoreturn enabling mechanism may include 
a release structure, arranged to enable the disengagement, with predetermined axial location m 
relation to the container front. Alternatively and preferably the autoreturn enabling mecha- 
nism may be designed to react on the increased force resulting from the piston reaching and 
25 being stopped at the container bottom end, which secures complete emptying and squeezing 
out of container content and furthermore is highly independent of container type. In one em- 
bodiment this is achieved in that the autoinjection mechanism comprises an injection con- 
veyor, that the injection drive acts between the injection head and the injection conveyor, that 
the injector head is connected to the penetration head via the injection conveyor, that the m- 
30 jection conveyor is axially movable with respect to the penetration head, that a counterforce, 
being weaker than the force of the injection drive, is arranged between the injection conveyor 
and the penetration head and that the autoreturn enabling mechanism includes release mecha- 
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nism acting on a relative movement between injection conveyor and penetration head. Op- 
tionally the force based release can be enabled only short before injection completion and be 
disabled during the main part of the injector head movement not to be activated by abnormal 
force increases, e.g. due to flow blockages or container malfunction. 
5 The various drives described may utilize stored energy in any known form, such as 

electrical, gas pressure or gas releasing, or preferably mechanical, the latter preferably in the 
form of elastic members such as springs. The stored energy can be transmitted to the force 
stated via corresponding conventional transmission means, e.g. electromechanical, such as 
electric motors or solenoids, hydraulic, pneumatic etc. system but preferably mechanical 
10 springs are utilized. 

According to the invention at least one damper shall be present, which damper shall be 
able to absorb work, i.e. force times way, energy forms. The damper may absorb the energy 
mainly reversibly in elastic form, utilizing well known components for this purpose, such as 
elastomeric materials, e.g. rubbers or mechanical springs. For certain purposes it is preferred 
15 to use in-elastic damper types, i.e. absorbing energy mainly irreversibly and under heat gen- 
eration, utilizing either materials being permanently deformed but preferably, for repeated use, 
viscous dampers in the meaning of having a fluid, gas or preferably a liquid, arranged to pass 
a flow restriction or between shear surfaces during displacement of its parts. Viscous dampers, 
or dash pots, are well known components as such and may take a variety of forms, e.g. axial, 
20 as exemplified by piston/cylinder types in which the fluid passes constrictions in or around the 
piston or in controlled shunt, or rotational, as exemplified by impellers rotating in a fluid un- 
der generation of shear forces. Although some of the abovesaid dampers, e.g. elasticly or ine- 
lastically deformable materials, are able to absorb energy in more than one direction, it is gen- 
erally sufficient for the present purposes that the damper can absorb energy in one direction. 
25 Still a transmission may be needed, e.g. to transform a linear movement in the autoinjector 
into a circular movement in rotational viscous dampers, to permit space-conserving reposi- 
tioning of the damper or to allow for a force modifying lever arrangement. Generally it is pre- 
ferred to arrange the damper in parallel with the linear motion to be damped for simplest 
overall layout. Preferably viscous dampers can be arranged to be active only in one direction, 
30 preferably the injection or penetration directions, but not in the reverse, e.g. to allow unob- 
structed cocking or the device, which can be accomplished in well known manners, e.g. by 
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providing a rcleasable connection of the damper or preferably by making the flow restriction 
according to one-way valve principles. 

The damper can be arranged for energy absorption from the autopenetration move- 
ment, for which purpose the damper should yield under a pressure weaker than the force pro- 
5 vided by the autopenetration drive but preferably be stronger than force provided by the au- 
toreturn mechanism when present. It follows that, although for example a return counterspring 
in a autoreturn mechanism may act as a damper, for the present purposes the damper is sepa- 
rate and in addition thereto. Preferably the damper is arranged to absorb energy at impact 
forces between the autopenetration head and the container barrel or carrier, which impact 
1 0 forces may occur at the forward extreme for the penetration movement when the con- 
tainer/carrier aggregate stops and often also in the beginning of the penetration movement at 
the attack of the penetration head against barrel or carrier. The damper can be arranged at or 
on the barrel or carrier but it is preferred to include the damper in the autopenetration mecha- 
nism, anywhere between the housing and the penetration head front. The penetration head as 
1 5 such can be made wholly or partially resilient for best overall simplicity but it is preferred to 
subdivide the head on at least two parts and arrange the damper therebetween for best control. 
It is further preferred to utilize the movement under damper yield as a confirmation of pene- 
tration movement completion, e.g. for release of the autoinjection phase. It is generally pre- 
ferred that needle penetration takes place rapidly, as this limits the pain sensation and as there 
20 are no advantages in extending this act. Accordingly it is generally preferred to arrange the 
damper to be active only over a part, and preferably only a minor part, of autopenetration 
movement, preferably the last part thereof, possibly also the initial part, while leaving the 
major part of the movement undamped. Since needle penetration normally requires only small 
forces, furthermore fairly independent of syringe types, the damping requirements are small 
25 and can sometimes be omitted entirely when the force of the autopenetration mechanism can 
be adapted to the penetration purpose solely, which is the case especially when this drive is 
independent of the autoinj ection mechanism drive system. 

Most preferably a damper is arranged for energy absorption from the autoinjection 
movement, for which purpose the damper should yield under a pressure weaker than the force 
30 provided by the autoinjection drive. A damper may here be included for similar impact pre- 
venting purposes as described above for the autopenetration phase and similar considerations 
then apply, e.g. be active only under the relevant part of the movement, typically under the 
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injection head attack phase against piston or plunger. During autoinjection, however, it is pre- 
ferred that a damper is additionally or alternatively provided for the purpose of controlling 
injection movement speed and force in order to make the autoinjection phase usable for a 
broad range offerees with maintained uniform movements speeds, as described in the intro- 
5 duction. Typical injection times are between 0.5 to 30 seconds and preferably between 1 and 
10 seconds. Accordingly damping should be active during a major part of the autoinjection 
movement, preferably over substantially the whole injection stroke and preferably also before 
injection head contact with plunger or piston, the latter additionally acting to reduce attack 
and dead run problems and allowing for use of different sized containers. The drive force can 
10 and should be selected strong enough, and preferably more strong than that required, for the 
most demanding force requirement of all container alternatives designed for, as the damper 
will limit speed and force sensed by the container to acceptable levels also in less demanding 
situations. It is preferred that the drive and damper in combination gives the injection head a 
substantially stable speed already in idle run, i.e. without container present, and most prefera- 
1 5 bly roughly that of acceptable maximum piston or plunger speeds. It is further preferred that 
during the injection movement the resistance in the damper is higher than the resistance, such 
as flow and friction resistance, in the container. For these purposes viscous dampers, as de- 
scribed, are preferred e.g. for allowing long damped movements and for best damping char- 
acteristics. As indicated the damper should preferably be arranged to be active during the ac- 
20 tual injection stroke as well as during any further initial length necessary for allowing the in- 
jection head to start from a for all container types contemplated common start position for the 
injection phase. Any additional movement over that need not be damped, e.g. any movement 
the injection head makes earlier during the autopenetration phase, for example when in a pre- 
ferred way moving together with the penetration head during the autopenetration phase. The 
25 latter can be accomplished if the damper is connected between the autopenetration head and 
the autoinjection head, whereby damper movement will only take place when the injection 
head moves relative the penetration head, normally after completed penetration. Similarly, 
any injection head movement after completed injection need not, and preferably is not 
damped, e.g. any movement during the autoreturn phase, which, however, is automatically 
30 obtained in the preferred arrangement mentioned that during autoreturn the carrier is simple 
released from the heads and accordingly also under inactivated damper. In any case the pre- 
ferred connection principle is to install the damper at least partially in parallel with the injec- 
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tion mechanism, so that during the damped movement the damper parts necessarily and posi- 
tively moves when the injection head moves. 

A further advantage of the damped autoinjection mechanism as described may be ob- 
tained in connection with an autoreturn mechanism, which as said needs that the control sys- 
5 tern provides a release of the carrier at the end of the injection phase. As generally described 
earlier, release can be controlled by the arrival of injection head, piston or plunger at a certain 
location corresponding to the piston arriving at the barrel front end and here the damper acts 
to give a cautious release highly independent of variations in container injection resistance. It 
is preferred to use a damper in connection with the alternative mentioned in which the release 
10 is controlled by an increased force generated at the piston contact with container front. Here a 
damper, especially a viscous damper, will give full control over the force increase as during 
movement of the injection head the damper secures a predetermined reduction of the injection 
drive nominal force through energy consumption whereas at stop of the movement the damper 
is inactivated and said full nominal force is restored between drive and plunger head. Simi- 
1 5 larly at gradual retardation of the injection head the force increase will be correspondingly 
gradual. All in all a substantial force difference will be available for use by the control system 
in performing release of the autoreturn function. When, in a preferred manner this principle is 
applied in the conveyor type arrangement included in the autoinjection mechanism, as earlier 
described, the gradual force buildup and substantial force difference provided by the damper 
20 allow i. a. a long conveyor movement and significant force difference between injection drive 
force and conveyor counterfoil, all serving to make the autoreturn release reliable, rugged 
and adaptive. 

Further details of the invention will be eident form the description of specific em- 
bodiments in relation to the drawings. 
25 Summary of drawings 

Figures 1 A to ID show schematically in section four operational stages of a first em- 
bodiment of an autoinjector having a common drive for autopenetration and autoinjection and 
having elastic dampers. 

Figures 2A to 2G show schematically in section seven operational stages of a second 
30 embodiment of an autoinjector having a common drive for autopenetration and autoinjection 
and being modified for a viscous damper. 
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Figure 3 A to 3.1 show schematically in section ten operational stages of a third em- 
bodiment of an autoinjector having a separate drives for autopenetrat.on and automation and 
having a viscous damper being arranged for force determined autoreturn release. 

Figure 4 shows a modification of the autoinjector of Figure 3 in which a linear damper 

5 is used. 

Descri ption of drawings 
Figure 1 A to ID show schematically in section four operational stages of a first em- 
bodiment of an autoinjector having a common drive for autopenetration and autoinjection and 
having elastic dampers. In Figure 1 A the autoinjector is in an initial cocked position before 
10 triggering. Figure IB shows the device after the autopenetration step, bringing the needle to 
an exposed position. Figure 1C shows the device during the injection phase when the piston 
has been brought to an intermed.ate position within the container. Figure ID shows the device 
after that the autoreturn mechanism has moved the syringe back into a needle-hidden position. 
The autoinjector, generally designated 100, comprises a housing 1 10, divided into a rear 
15 housing part 1 1 1, essentially confining the mechanism parts, and a front housing part 1 12, 
essentially confining the container parts. The housing parts are separable, allowing insertion 
and replacement of containers, generally designated 120, and comprising a barrel 121, a front 
part 122 with attached needle 123, a rear fmgergrip part 124 and a piston 125 inserted in the 
barrel onto which piston a plunger 126 acts. A removable needle cover 127 initially protects 
20 the needle. The front housing part 1 12 also contains a container carrier, generally designated 
130, comprising an axially movable seat 131 for reception of containers, a flexible insert 132 
allowing accommodation of containers of different diameters, which insert has inwardly ta- 
pering surfaces 133 arranged to restrain container front 122 from forward movements relative 
the carrier and being pushed by inner sleeve structure 1 13 on the front housing part to an en- 
25 gaging position at least when the carrier is in the needle exposing position. A return spring 
134 is arranged between the front housing part 112 front end and carrier 130 for movement of 
the carrier in the rearward direction. The seat has a knob 135 extending laterally through a slit 
in the hosing front part to an externally accessible position for manual movement of the car- 
rier forwards against the bias of the return spring, e.g. for removal or attachment of needle 
30 cover 127. The rear housing part 1 1 1 comprises most of the device mechanisms. A common 
drive system includes a spring 141 acting as both as penetration drive and injection drive. The 
spring acts between housing rear end and an injection head 142 in resilient material giving 
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impact damping and having a generally U-shaped form with legs 143 able to flex laterally in 
and out and forming a cavity therebetween able to receive, when in an out-flexed position, the 
plunger 126 rear part during the autoreturn phase. A penetration head aggregate, generally 
designated 1 50, comprises a front generally sleeve-shaped syringe plunger part 151, having a 
5 front surface 1 52 arranged for contact with barrel rear end or fingergrip 1 24, and a rear 
plunger guide 1 53, having a front end 154 extending into the sleeve-like syringe plunger part 
151 and a rear end 155 extending well behind the syringe plunger 151. Between the syringe 
plunger 151 and the plunger guide 153 a compression damper spring 156 is arranged in slots, 
biasing the plunger guide 1 53 towards a rear position relative the syringe plunger 151. The 

1 0 control system can be said to include an externally accessible releasable lock (not shown) for 
holding the penetration head in the rear cocked position, and thereby also holding the injec- 
tion head 142 in its cocked position to be explained, thereby serving both as penetration lock 
and injection lock. The control system further comprises structures, for sequencing the opera- 
tion, by flexing the injector head legs 143. A first such structure comprises tapering surfaces 

15 1 6 1 at the syringe plunger 1 5 1 rear end, arranged to compress the legs 1 43 from an intermedi- 
ate position (shown in Figure 1A), in which the legs act on the plunger guide 153, to a narrow 
position (shown in Figure IB and 1C), in which the legs are freed to land on syringe piston 
126 and maintained compressed by channel 162 provided by the plunger guide 153. The ta- 
pering surfaces become active for compression of the legs when the plunger guide moves for- 

20 ward relative the syringe plunger against the force of the damper spring, which is weaker than 
the drive spring 141. A second control structure comprises an expansion cavity 163 adapted to 
allow expansion of the legs 143, at a position corresponding to plunger 126 final position at 
empty syringe, to an expanded position (shown in Figure ID) allowing the plunger 126 to 
move into the space between legs 143 under the action of return spring 134 to a needle-hidden 

25 syringe position. 

In Figure 1A penetration head 150 is held in a rear cocked position at a short distance 
from syringe barrel end or fingergrip 124. The injection head 142 is also held in a rear posi- 
tion since legs 143 rests in a slot on plunger guide 153. The drive spring 141 is compressed. 
The container 120 is pressed to a rear needle-hidden position by return spring 134. In Figure 
30 IB a trigger (not shown) has been released and drive spring 141 has acted on injection head 
142, which in turn has acted on plunger guide 153 to move syringe plunger 151, into contact 
with container barrel or fingergrip 124, thereby moving the container and carrier 130 into a 
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needle-exposed position. At the end of this penetration movement the container and carrier 
have stopped together with syringe plunger 151 but the plunger guide 153 has continued its 
forward movement against the weaker force of damping spring 1 56, the relative movement 
between which parts has made the tapering surface 161 cause a compression of legs 143 and 
5 the injection head has landed on container plunger 126. In Figure 1C (showing the penetration 
aggregate in section rather than view) the injection head 142 has moved container plunger 126 
a certain distance under expulsion of container content and with legs 143 in maintained com- 
pressed condition by channel surfaces 162. In Figure ID the piston 125 has arrived at con- 
tainer front part 122, injection head legs 143 have arrived at expansion cavity 163, the legs 
10 have expanded away from contact with the plunger 126 and return spring 134 has moved 
container 120 and carrier 130 to the initial rear needle-hidden position under partial reception 
of the exposed rear plunger 126 part in the space of the U-shaped injection head 142. 

Figure 2 A to 2G show schematically in section seven operational stages of a second 
embodiment of an autoinjector having a common drive for autopenetration and autoinjection 
1 5 and being modified for a viscous damper. In Figure 2 A the autoinjector is in an initial cocked 
position before triggering. Figure 2B shows the device after the autopenetration step, bringing 
the needle to an exposed position. Figure 2C shows the device having just started the injection 
phase when the injection head and piston has come into contact. Figure 2D shows the device 
at end of the injection phase at initiation of autoreturn phase. Figure 2E shows the device 
20 when release of a ball lock has freed the injection head from the injection drive. Figure 2F 
shows the device after that the autoreturn mechanism has moved the syringe back into a nee- 
dle-hidden position together with the injection head. Figure 2G shows the device when the 
main drive spring has been fully extended. The embodiment of Figure 2 has many features in 
common with that of Figure 1 and shall be describe in detail only with respect to features 
25 principally deviating therefrom. Referring first to Figure 2 A the autoinjector 200 comprises a 
housing 210 having a rear part 21 1 and a front part 212 separable for insertion of a container 
220, with plunger 226, in a movable carrier 230, biased rearwards by a return spring (not 
shown). The rear housing part 21 1 comprises a drive system 240, acting both as penetration 
drive and injection drive, having a main compression spring 241, housed within a drive sleeve 
30 242, acting on a injection head aggregate, generally designated 250. The aggregate 250 com- 
prises a U-shaped front of an upper rigid leg 251 and a lower flexible leg 252. A tube 253 
extends rearwards to the drive and is attached to the drive sleeve 242 with a ball lock, com- 
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prising a ball 254 and a control pin 255, with a ball releasing cavity 256 and a front flange 
257. A ball lock spring 258 gives the control pin a forward, locked, bias versus the tube 253. 
A penetration head aggregate, generally designated 260, comprises front surfaces 261, ar- 
ranged for contact with container barrel or fingergrip, which surfaces are connected to a trans- 
5 port guide 262 having a catch 263, for reception of rigid leg 25 1 , at a resilient part of the 
transport guide, a guide rail 264, arranged for keeping the flexible leg 252 in an in-flexed 
state, the guide rail 264 having a forward end 265, arranged to allow flexible leg 252 to flex 
out. A further control structure comprises a cam surface 271 fixed with respect to the housing 
and having a thick rear part 272, adapted to keep catch 263 of the transport guide 262 pressed 

1 0 against the rigid leg 25 1 in engaged relationship, and a thin front part 273, adapted to allow 
the catch 263 to flex out for disengagement of rigid leg 251 . Although not shown in detail the 
device is adapted for use with a viscous damper, arranged between the penetration head 260 
and the injection head 250 to be active only during relative movements therebetween. Dotted 
line 280 illustrates schematically a linear damper, such as a piston/cylinder oil damper, at- 

1 5 tached between penetration head 260 front surfaces 261 and injection head 250 rigid leg 25 1 , 
for parallel axial movement of damper and injection movement. 

In Figure 2A penetration head 260 is held in a rear cocked position by a releasable 
trigger mechanism (not shown). The injection head 250 is also held in a rear position since 
rigid leg 251 is engaged in the catch 263. The drive spring 141 is compressed and acts on the 

20 injection head as the control pin 255 is in its locked state. The container 220 is pressed to a 
rear needle-hidden position by the return spring. In Figure 2B a trigger has been released and 
drive spring 241 has acted on injection head 250, which in turn has acted on penetration head 
260 to move surfaces 261 into contact with container barrel or fingergrip, thereby moving the 
container 220 and carrier 230 into a needle exposed position. During this movement the vis- 

25 cous damper 280 is inactive as the penetration head 260 and injection head 250 moves to- 
gether. In Figure 2C the catch 263 section of the transportation guide 262 is at the thin part 
273 of cam surface 271 and has flexed out, thereby freeing rigid leg 251 from the catch 263 
and allowing the injection head 250 for movement independent of the penetration head 260, 
which is now decoupled form the drive spring 241 . Viscous damper 280 is now active and 

30 serve to retard injection head 250 forward movement during the injection movement. In the 
figure the independent movability has also resulted in that the flange portion 257 of control 
pin 255 has come into contact with container plunger 226 for injection. Flexible leg 252 is 
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still maintained in-flexed by guide rail 264 of transportation guide 262, thereby preventing the 
control pin 255 from moving rearwards. In Figure 2D injection has proceeded to end and the 
injection head 250 is in a forward extreme position with respect to the housing and the pene- 
tration head 260. In this situation the flexible leg 252 has reached the end 265 of guide rail 
5 264 and has flexed out, thereby freeing the flange 257 of control pin 255 for rearward move- 
ment against ball lock spring 258, which is weaker than drive spring 241 . In Figure 2E the 
control pin 255 has moved rearwards with respect to the injection head 250 (which has moved 
a bit more forwards), placing ball releasing cavity 256 at ball 254, thereby releasing the injec- 
tion head from the drive sleeve 242, resulting in disengagement from the drive spring 241 . In 

10 Figure 2F a return spring at the front of housing front part 212 has pushed the container 220 
and container carrier 230 back into the rear needie-hidden position, unrestricted of the drive 
spring 241 since the injection head 250 is decoupled therefrom and moves with the container 
and as the penetration head has been decoupled earlier. This movement is also unaffected of 
the viscous damper 280 as both penetration head 260 and injection head 250 moves in con- 

1 5 cert. In Figure 2G the drive spring 241 and drive sleeve 242 have continued their decoupled 
movement to a forward extreme position in which the drive spring 241 is fully extended 
(partial extensions not shown in earlier Figures). 

Figure 3 A to 3 J show schematically in section ten operational stages of a third em- 
bodiment of an autoinjector having a separate drives for autopenetration and autoinjection and 

20 having a viscous damper being arranged for force determined autoreturn release. The opera- 
tional stages are shown for two syringes of both different lengths and widths, drawn in an 
overlapping manner in the initial Figures. In Figure 3A the autoinjector is in an initial cocked 
position. In Figure 3B the syringe and carrier have been brought forward manually for access 
and removal of a needle cover and in Figure 3C the syringe is again in the rear position ready 

25 for triggering. In Figure 3D the device has been triggered, autopenetration has taken place and 
the injection head is released for forward motion. Figure 3E shows the device after partial 
injection of syringe content and Figure 3F at the end of the injection stroke. In Figure 3G the 
pressure increase at plunger bottoming out has caused compression of a rear counterspring 
used for release of the main spring. In Figure 3H the released syringe has moved back into a 

30 needle hidden position. Figure 31 shows the device re-cocked and Figure 3 J the device after 
syringe removal, ready for replacement. The autoinjector, generally designated 300, comprises 
a housing 3 1 0, in this embodiment an integral structure with a front closure, laterally openable 
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for access to the carrier. The housing among others have a front slit 311 for a remover button, 
foundations 3 1 2 for a return spring and a control structure 313 for a release hook. The syringe 
type container, generally designated 320 and shown in two sizes as said, comprises barrels 
321 , front parts 322 with attached needle 323, rear fingergrip parts 324 and plungers 326. A 
5 removable needle cover 327 initially protects the needle. The housing 310 also contains a 
container carrier, generally designated 330, comprising an axially movable seat 33 1 for recep- 
tion of containers, which seat has inwardly directed surfaces 332 arranged to restrain container 
front 322 from forward movements relative the carrier. Surrounding the seat 331 is a cover 
remover 333 having a forward restriction 334 gripping behind the needle cover 327 and being 

10 axially movable relative the carrier by manipulation of an externally accessible button 335, 
extending through the housing slit 311. Return springs 336 are arranged between the housing 
foundations 3 12 and rear flanges 337 on carrier 330, via rear flanges 338 on the remover 333, 
the return springs 336 being biased for movement of the carrier in the rearward direction. The 
carrier 330 extends rearwardly to form a support part 339, which support houses parts of the 

1 5 injection mechanism to be described. An autopenetration mechanism, generally designated 
340, comprises a penetration drive spring 341 acting on a penetration head structure 342, 
having a contact surface 343 arranged for pushing the syringe barrel 321 or fingergrip 324 
forwards. The penetration head 343 also comprises a trigger button 344 extending through the 
housing 310 wall and a tapering surface 345 arranged for cooperation with another structure to 

20 deflect the rear part 346 of the penetration head out of engagement with the drive spring 341 . 
The autoinjection mechanism, generally designated 350, comprises a conveyor 351, forming a 
base for the injection drive, the conveyor extending forwardly into a toothed rail 352 of a 
length corresponding to at least the stroke length for the injection head. A head hook 353 is 
also arranged on the conveyor. An injection drive spring 354 acts between the conveyor 351 

25 and an injection head 355, axially movable in relation to the conveyor and arranged for dis- 
placement of the syringe plunger 326. A rotational type dashpot damper 356 has its stator part 
357 attached to the injector head 355 and its toothed rotor wheel 358 engaged with the toothed 
rail 352. Connected with the injection head 355 is also an externally accessible cocking handle 

359 extending into a pusher 362 for the penetration drive spring 341. The conveyor 351 is 
30 arranged axially movable in relation to the carrier 330 support part 339 via a counterspring 

360 between these parts, which counterspring is weaker than the injection drive spring 354 
and arranged to bias the conveyor 351 forwardly with respect to the support part 339. This 


WO 00/24441 PCT/SE99/01922 
21 

arrangement being part of the control system to be explained. The control system can also be 
said to include the housing control structure 313, arranged to tilt the head hook 353 and free- 
ing the injection head 355 at a certain axial location for the carrier with respect to the housing, 
and a structure 361 on the conveyor, arranged to cooperate with the tapering surface 345 on 
5 the penetration head to disengage the latter from the penetration spring 34 1 . 

In Figure 3A penetration head 342 is in a rear cocked position retained by trigger 344 
locked to the housing. The penetration drive spring 341 is compressed. The contact surface 
343 of the penetration head 342 is located in a rear position allowing for insertion of different 
syringe sizes with different distances to the penetration head, as illustrated by the two finger- 

1 0 grip 324 positions shown. The penetration head dead run necessary for the shorter syringes is 
no problem since the separate penetration drive spring 341 need not be stronger than neces- 
sary for needle penetration and return spring 336 compression. Unaffected by the autopene- 
tration mechanism 340 the return springs 336 push the carrier 330, syringe 320, remover 333 
and autoinjection mechanism 350 to the retracted, needle hidden, position. The injection head 

15 355 is kept in a start position relative the conveyor 351 by hook 353 and with injection drive 
spring 354 compressed. Also for the injection head 355 in this position there is a sufficient 
clearance to allow for different plunger positions due to differences in syringe sizes or filling 
degrees, which clearance is made possible in spite of the strong injection drive spring 354 as 
any excessive injection head 355 speed is prevented by damper 356. Spring 354 can be di- 

20 mensioned for the largest force requirement contemplated for any syringe. In Figure 3B but- 
ton 335 of remover 333 has been moved forwards against springs 336, compressed between 
foundations 312 and rear flanges 338 of remover 333, whereby forward restriction 334 has 
freed needle cover 327 from syringe front part 322 while the syringe itself remains in the re- 
tracted position. In Figure 3C button 335 has been released and the remover 333 unit has re- 

25 turned back under influence of return springs 336. The device is now ready for initiation. In 
Figure 3D the trigger 344 has been pushed, the penetration drive spring 341 has moved pene- 
tration head 342 forwards to engage contact surface 343 with syringe fingergrip 324 (only the 
larger syringe is shown in this and subsequent Figures) and propel it forwards to the forward, 
needle 323 exposed, position. In doing so the whole aggregate of syringe 320, carrier 330, 

30 remover 333 and carrier support 339 with injection mechanism 350 moves forward and this 
penetration movement is highly independent of syringe size since all syringe fronts are located 
at the same position. Penetration head action on the syringe lowers the retention requirements 
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for the syringe in the carrier seat although an alternative is to let the penetration head act on 
the carrier instead. Also shown is that head hook 353 has been tilted by control structure 3 1 3, 
thereby freeing injection head 355 for forward motion relative conveyor 351 . In Figure 3E 
injection head 355 has moved forward with respect to conveyor 351 under influence of injec- 
5 tion drive spring 354 to push plunger 326 to an intermediate position. Under his movement 
damper 356 is active as it moves axially together with the injection head 355 while its rotor 
part 358 is forced to rotate when moving along toothed rail 352. In Figure 3F the syringe 320 
is empty and injector head 355 and plunger 326 stop. Also the damper 356 stops resulting in 
an elimination of damper friction and an increase in injection drive spring 354 force acting 

1 0 between the injection head 355, and thereby carrier 330 with support 339, and conveyor 35 1 . 
In Figure 3G this force increase has resulted in that conveyor 351 has moved back with re- 
spect to carrier 330, as best seen in relation to the rear support 339 part, against the force of 
the weaker counterspring 360. This movement causes structure 361 on the conveyor 351 to 
affect tapering surface 345 on penetration head 342 to displace the rear part of penetration 

1 5 head 342 laterally and out of engagement with penetration drive spring 34 1 . Carrier 330 with 
connected parts is now influenced only by force from the return springs 336. In Figure 3H the 
return springs 336 has moved the carrier 330 rearwards to the needle hidden position for the 
syringe 320. Together with the carrier 330 also the injection mechanism 350 and the penetra- 
tion head 342 has moved rearwards. In Figure 31 cocking handle 359 has been pressed rear- 

20 wards to move injection head 355 against injection drive spring 354 into a cocked position 
and head hook 353 again flex back to retain the injection head 355 in this position. The cock- 
ing movement also acts to compress penetration drive spring 341 via pusher 362 and make 
trigger 344 lock against housing 3 10. A ratchet mechanism (not shown) is arranged to discon- 
nect the damper at rearward movements between injection head 355 and conveyor 351 to fa- 

25 cilitate the cocking operation. In Figure 3J the cocking handle 359 has been released, con- 
veyor 351 and injection head 355 has returned to their initial positions with respect to carrier 
330, thereby separating structure 361 and tapering surface 345, allowing the rear part of pene- 
tration head 342 to flex laterally into engagement with penetration drive spring 341 . The de- 
vice is now ready for cycle repetition and the syringe has been removed for replacement. 

30 Figure 4 illustrates a modification of the device of Figure 3, which is identical in all 

aspects except that the rotational damper in the embodiment of Figure 3 has been replaced 
with a linear viscous damper. As in Figure 3 the autoinjection mechanism 450 comprises a 
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conveyor 45 1 (but no toothed rail), a head hook 453, an injection drive spring 454 and an in- 
jection head 455. The linear damper, generally designated 470, comprises a cylinder 471 , here 
showed as an integral part of the injection head 455, and a piston 472 attached to a plunger 
473, which is attached to the conveyor 451 base at 474. A closure 475 with sealing for the 
5 plunger 473 closes the interior of the damper 470, containing an oil for controlled damping in 
flow restrictions in or around the piston 472. The piston also incorporates a one way valve 
arrangement (not shown) allowing undamped movement during the cocking procedure. The 
damper cylinder 471 is inserted, and utilizes the space, within the helical injection drive 
spring 454. The damper 470 operates in the same manner as that described in relation to Fig- 
10 ure 3, i.e. its cylinder/piston parts only move when injection head 455 moves relative con- 
veyor 451 and performs a damping action only for forward injection head movements whereas 
the one way valve arrangement disconnect damping at rearward movements of the head. 
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Claims 

1 . An autoinjector for replaceable containers of syringe type, comprising a barrel of 
axially roughly constant cross-section, a front opening with or for an injection needle and at 
5 least one movable rear piston, optionally with a plunger connected thereto, inserted in the bar- 
rel for the displacement of a container content, the autoinjector comprising a) a housing, b) a 
container carrier, arranged for reception of the container and arranged movably in relation to 
the housing in container axial direction between a rear, needle-covering, position and a for- 
ward, needle-exposing, position, c) an autopenetration mechanism, comprising at least a 

1 0 penetration head and a penetration drive, the penetration head being arranged for movement of 
the barrel or carrier in the forward direction and the penetration drive being operable to apply 
force between the housing and the penetration head, d) an autoinjection mechanism, com- 
prising at least an injection head and an injection drive, the injection head being arranged for 
movement of the piston or plunger in the forward direction and the injection drive being oper- 

1 5 able to apply force between the housing or the carrier and the injection head, e) optionally an 
autoreturn mechanism operable to apply force between the housing and the barrel or carrier 
for movement thereof in the rearward direction and f) a control system for sequencing the 
operation of at least the autopenetration and autoinjection mechanisms, at least comprising a 
releasable penetration lock for the autopenetration mechanism and a releasable injection lock 

20 for the autoinjection mechanism, characterized in the improvement comprising 

that the carrier is designed to accommodate either of at least two containers of differ- 
ent length and/or width and 

at least one damper arranged for energy absorption from the autopenetration and/or 
autoinjection movement. 

25 2. The autoinjector of claim 1, characterized in that the penetration lock is 

arranged for holding the penetration head relative the housing and that the releasable injection 
lock is arranged for holding the injection head relative the housing, the carrier or the penetra- 
tion head, in predetermined rear cocked positions. 

3. The autoinjector of claim 2, characterized in that in the cocked positions 

30 there is a space between the penetration head and the barrel or carrier and a space between the 
injection head and the piston or plunger respectively. 
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4. The autoinjector of claim 1, characterized in that the control system in- 
cludes a manual trigger arrangement at least acting to release the penetration lock. 

5. The autoinjector of claim 1, characterized in that the releasable injection 
lock is connected, directly or indirectly, between the injection head and the penetration head. 

5 6. The autoinjector of claim 1, characterized in that the control system in- 

cludes a structure on the housing releasing the injection lock at a predetermined axial injection 
enabling position. 

7. The autoinjector of claim 6, characterized in that in the injection enabling 
position there is a space between the injection head and the piston or plunger respectively. 
10 8. The autoinjector of claim 1, characterized in that a single drive acts as the 

penetration drive and the injection drive. 

9. The autoinjector of claim 8, characterized in that the single drive acts on 
the injection head. 

10. The autoinjector of claim 9, characterized in that an autoreturn mecha- 

1 5 nism is present and that the control system comprises an autoreturn enabling mechanism dis- 
engaging the container and carrier from the single drive. 

1 1 . The autoinjector of claim 1 , c h a r a c t e r i z e d in that the penetration drive 
and the injection drive are separate, that the penetration drive is weaker than the injection 
drive and that the injection drive is arranged to apply force between the carrier and the injec- 

20 tionhead. 

1 2. The autoinjector of claim 11, characterized in that an autoreturn mecha- 
nism is present and that the control system comprises an autoreturn enabling mechanism dis- 
engaging the container and carrier from the penetration drive. 

13. The autoinjector of claim 10 or 12, c h a r a c t e r i z e d in that the autoreturn 
25 enabling mechanism includes a release structure, arranged to enable the disengagement, with 

predetermined axial location in relation to the container front. 

14. The autoinjector of claim 10 or 12, c h a r a c t e r i z e d in that the autoinjection 
mechanism comprises an autoreturn enabling mechanism based on force increase at piston 
bottoming out. 

30 15. The autoinjector of claim 14, c h a r a c t e r i z e d in that the force is sensed 

between the injection head and the housing. 
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1 6. The autoinjector of claim 14, characterized in that the force is sensed 
between the injection head and the carrier or container. 

1 7. The autoinjector of claim 16, characterized in that the autoinjection 
mechanism comprises an injection conveyor, that the injection drive acts between the injec- 

5 tion head and the injection conveyor, that the injection conveyor is connected to the carrier in 
an axially movable manner with respect to the carrier, that a counterforce, being weaker than 
the force of the injection drive, is arranged between the injection carrier and the conveyor and 
that the autoreturn enabling mechanism includes release mechanism acting on a relative 
movement between injection conveyor and carrier. 

10 18. The autoinjector of claim 14 to 17, characterized in that the injection 

drive includes a damper. 

1 9. The autoinjector of claim 1, characterized in that an autoreturn mecha- 
nism is present and that the control system comprises an autoreturn enabling mechanism dis- 
engaging the container and carrier from the autopenetration force and the autoinjection force. 

1 5 20. The autoinjector of claim 1, characterized in that the damper is included 

in the penetration head. 

21. The autoinjector of claim 20, characterized in that the damper includes a 
spring arranged in the axial direction and being weaker then the force of the penetration drive. 

22. The autoinjector of claim 21, characterized in that the penetration head 
20 comprises at least two parts between which the spring is arranged. 

23. The autoinjector of claim 22, c h a r a c t e r i z e d in that the control system is 
arranged to enable the autoinjection mechanism at relative movement between the two parts 
of the penetration head. 

24. The autoinjector of claim 1, characterized in that the damper is included 
25 in the injection head. 

25. The autoinjector of claim 24, characterized in that at least a part of the 
injection head is resilient and acts as damper. 

26. The autoinjector of claim 1, characterized in that the damper is a viscous 
damper arranged to retard the autoinjection movement. 

30 27. The autoinjector of claim 26, characterized in that the viscous damper 

retardation dominates over the syringe flow restrictions. 
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28. The autoinjector of claim 26, characterized in that the autopenetration 
movement is unretarded or at least less retarded than the autoinjection movement. 

29. The autoinjector of claim 26, characterized in that the viscous damper is 
connected, directly or indirectly, between the penetration head and the injection head, to act at 

5 relative motions therebetween. 

30. The autoinjector of claim 26, characterized in that the viscous damper is 
arranged in parallel with the injection head movement. 

3 1 . The autoinjector of claim 26 to 30, c h a r a c t e r i z e d in that the penetration 
drive is separate from, and provides a less strong force than, the injection drive. 

10 32. The autoinjector of claim 1, characterized in that the carrier comprises a 

seat supporting the syringe barrel in a direction radial to the barrel axis and that a flexible or 
spring biased member is provided to force the barrel radially against the seat. 

33 . The autoinjector of claim 32, characterized in that the member is con- 
nected to a closure, allowing lateral insertion of the container in the carrier. 

15 34. The autoinjector of claim 32, characterized in that the seat comprises an 

axially extending V-shaped trough. 

35. The autoinjector of claim 32, characterized in that the seat comprises a 
front constriction, narrower than the container barrel and wider than the container needle, ar- 
ranged to prevent the container front passing the constriction in the forward direction. 

20 36. The autoinjector of claim 1, characterized in that the carrier is movable 

against a spring force biased in the rearward direction. 
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